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LPS-induced RAW264.7 macrophages and improve skin moisturizing efficacy in
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ABSTRACT
Context: Citrus unshiu Markovich (Rutaceae) peel is known to contain high concentrations of flavo-
noids and exerts pharmacological effects on antioxidant, anti-inflammation, allergies, diabetes and
viral infections.
Objective: Very little is known about potential activity of fermented dried Citrus unshiu peel extracts
(FCU) using Bacillus subtilis, as well as its mechanism of action. We investigated the effects of FCU on the
anti-inflammatory activities in murine macrophages and moisturizing effects in human keratinocytes.
Materials and methods: We isolated the Bacillus subtilis from Cheonggukjang and FCU using these
Bacillus subtilis to prepare samples. The cells were pre-treated with various extracts for 2 h and then
induced with LPS for 22h. We determined the NO assay, TNF-a, IL-6 and PGE2 in RAW 264.7 ells. The
expression of SPT and Filaggrin by FCU treatment was measured in HaCaT cells.
Result: We found that two types of FCU highly suppressed LPS-induced nitric oxide (NO) without exert-
ing cytotoxic effects on RAW 264.7 cells (21.9 and 15.4% reduction). FCU inhibited the expression of
LPS-induced iNOS and COX-2 proteins and their mRNAs in a concentration-dependent manner. TNF-a (59
and 30.9% reduction), IL-6 (39.1 and 65.6% reduction), and PGE2 secretion (78.6 and 82.5% reduction)
were suppressed by FCU in LPS-stimulated macrophages. Furthermore, FCU can induce the production of
hyaluronic acid (38 and 38.9% induction) and expression of Filaggrin and SPT in HaCaT keratinocyte cells.
Discussion and conclusion: FCU potentially inhibits inflammation, improves skin moisturizing efficacy,
and it may be a therapeutic candidate for the treatment of inflammation and dry skin.
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Introduction

Inflammation is a complex process mediated by the activation of
various immune cells. Many studies have shown that inflamma-
tion is associated with various human diseases, including cancer
(Pan and Ho 2008). Macrophages play an important role in vari-
ous inflammatory responses by upregulating the expression of
pro-inflammatory cytokines and enzymes such as tumour necro-
sis factor-a (TNF-a), interleukin, inducible nitric oxide synthase
(iNOS) and cyclooxygenase-2 (COX-2) (Larsen and Henson
1983; Lawrence et al. 2002; Sica et al. 2008). Mechanistically,
lipopolysaccharide (LPS), a component of the cell wall of Gram-
negative bacteria, interacts with toll-like receptor 4 (TLR4), and
triggers the activation of monocytes and macrophages involved
in infection response (Aderem and Ulevitch 2000; Saluk-Juszczak
and Wachowicz 2005; Takeda and Akira 2005; Pan et al. 2008).
Low levels of NO have many biological functions, including
neurotransmitters, vascular homoeostasis and wound repair and
have antimicrobial activity against bacterial pathogens. NO can

be synthesized from L-arginine by a family of NO synthases
(NOS). An inducible isoform of NOS (iNOS) is only expressed
after exposure to pro-inflammatory conditions. Once expressed,
iNOS generates large amounts of NO, which plays an important
role in acute and chronic inflammation (Denlinger et al. 1996;
Weisz et al. 1996). iNOS is widely expressed in various cells,
including vascular smooth muscle cells, hepatocytes and Kupffer
cells and is highly expresses in LPS-activated macrophages
(Rockey et al. 1998). Cyclooxygenase-2 (COX-2) is another
inducible enzyme that catalyses the biosynthesis of prostaglan-
dins (PGEs), particularly PGE2, which contributes to pathogen-
esis of various inflammatory diseases, invasion, angiogenesis,
and tumour growth (Claria 2003). COX-2 is also pre-eminently
expressed in inflammatory cells stimulated by LPS, pro-inflam-
matory cytokines and tumour promoters (Meric et al. 2006).

Ceramides are a type of sphingolipid and consist of a sphin-
goid base and a saturated fatty acid moiety. Ceramides are pre-
sent as a dominant lipid in the stratum corneum (SC), the most
upper layer of the epidermis of the skin and play a crucial role
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in its water-holding and barrier function (Takeda et al. 2018).
Until recently, more than 12 types of ceramide have been desig-
nated in human SC (Masukawa et al. 2008). Ceramides in the
epidermis are synthesized by several enzymes such as serine
palmitoyltransferase (SPT) (Hanada 2003), ceramide synthase
(CerS) (Levy and Futerman 2010), glucosylceramide synthase
(GCS) (Hamanaka et al. 2002), b-glucocerebrosidese (GBA)
(Takagi et al. 1999), sphingomyelin synthase (SMS) (Tafesse
et al. 2006), and acid sphingomyelinase (ASM) (Jenkins et al.
2009). SPT and CerS are involved in the de novo synthesis of
ceramides. SPT catalyses the condensation of serine and palmi-
toyl-CoA as the first step of de novo synthesis. The term
�Filaggrin’ (derived from �filament-aggregating protein’) was first
coined in 1981 to describe a class of structural protein that had
been isolated from the stratum corneum (Steinert et al. 1981). By
aggregating keratin filaments into keratin fibrils within the cyto-
skeleton of corneocytes, filaggrin is responsible for the mechan-
ical strength and integrity of the stratum corneum (O’Regan
et al. 2008). Filaggrin has also been designated as a natural
moisturizing factor protein that contributes to the permeable
barrier as an aggregated particle comprised of profilaggrin (Kezic
et al. 2009).

Plants that have been used worldwide for a long time in
traditional medicine have been constantly reviewed as resources
for the development of new drugs to control various diseases.
Among them, Citrus unshiu Markovich (Rutaceae) peel is the
dried skin of the Citrus unshiu fruit, which is produced primar-
ily in Jeju Island, Korea, and in the southern regions of China
and Japan. Citrus unshiu peel and dried peels have been used as
traditional medicines to treat common colds, bronchial discom-
fort, and indigestion and have been reported to possess pharma-
cological effects on inflammation, allergies, diabetes, and viral
infections (Suzuki et al. 2005; Oh et al. 2012; Park et al. 2013,
2017; Min et al. 2014). Here, we have investigated an herbal
agent that can help skin moisturization and anti-inflammation
by using fermented dried Citrus unshiu peel extracts. In order
to use natural products as raw materials for cosmetics, research-
ers have primarily investigated potential to improve skin mois-
turization and block inflammation (Kim et al. 2005; Eom et al.
2006; Spilioti et al. 2017; Shen et al. 2018). However, the effects
of fermented Citrus unshiu peel extracts on RAW 264.7 mouse
macrophage-mediated inflammation and moisturizing effect in
HaCaT keratinocytes remain unknown.

In our study, we attempted to elucidate the anti-inflamma-
tory potential of fermented Citrus unshiu peel extracts in LPS-
stimulated RAW 264.7 macrophages. Here, we evaluated the
inhibitory effect of fermented Citrus unshiu peel extracts on
inflammatory biomarkers such as NO and PGE2 production,
expression of iNOS, COX-2, and pro-inflammatory cytokines
in LPS-stimulated RAW 264.7 cells. Furthermore, fermented
Citrus unshiu peel extracts can stimulate the production of
hyaluronic acid and expression of filaggrin and SPT in HaCaT
keratinocyte cells, which is an indicative of moisturizing effect.

Materials and methods

Reagents

LPS (Escherichia coli 055:B5), 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), Tris base, glycine, NaCl,
sodium dodecylsulphate (SDS), Griess reagent and bovine
serum albumin (BSA) were purchased from Sigma-Aldrich (St.
Louis, MO, USA). RPMI 1640, foetal bovine serum (FBS) and

antibiotic-antimycotic mixture were obtained from Thermo
Fisher Scientific Inc. (Waltham, MA, USA). Trypan blue vital
stain (0.4%) was obtained from Life Technologies (Grand
Island, NY, USA). PGE2, TNF-a, IL-6 ELISA kits were
obtained from R&D Systems (Minneapolis, MN, USA). Anti-
COX-2 and anti-iNOS antibodies were obtained from BD
Biosciences (San Diego, CA, USA). Anti-filaggrin, anti-serine
palmitoyltransferase (SPT), anti-b-actin, and horseradish per-
oxidase (HRP)-conjugated secondary antibodies were obtained
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).

Isolation of Bacillus subtilis from Korean fermented
soybean (cheonggukjang)

Samples of Cheonggukjang (1mL), serially diluted, were plated
on tryptic soy broth (TSB) agar (Becton-Dickinson, Franklin
Lakes, NJ, USA) and placed at 30 �C for 24 h under anaerobiosis
to isolate presumptive mesophilic Bacillus subtilis. At least 10
colonies, possibly with different morphology, were isolated on
the TSB plates. Two Bacillus subtilis were identified by TLC on
activated silica gel plates using n-butanol: acetic acid: water
(5:2:2, v/v/v). Isolated Bacillus subtilis strains were named ‘1-4’
and ‘2-1’, respectively.

Preparation of FCU using Bacillus subtilis

The isolated Bacillus subtilis strains (‘1-4’ and ‘2-1’) were cul-
tured in tryptic soy broth (TSB) at 37 �C. For the production of
fermented dried Citrus unshiu peel, we first added water to the
dried Citrus unshiu peel at a ratio of 1:20 (w/v) and heated for
2 h at 95 �C. After autoclaving at 121 �C for 15min, a dried
Citrus unshiu peel extracts were obtained and the Bacillus subtilis
(‘1-4’ and ‘2-1’) culture broth was added to the extracts at a con-
centration of 10% (v/v), which was well mixed and then incu-
bated for 96 h at 37 �C. The fermented extracts were filtered
using an aspirator, water and ethanol were added, and filtration
was performed again. The supernatant was then dried and stored
at 4 �C. The intact extracts (control) had no Bacillus subtilis.
The sample table for each fermentation condition is shown in
Table 1.

Cell lines

The RAW 264.7 macrophage and HaCaT cell lines were
obtained from Korean Cell Line Bank (KCLB, Seoul National
University College of Medicine, 28 Yongon-dong, Chongno-
gu, Seoul 110-744, Korea). These cells were maintained at sub-
confluence in a 95% air, 5% CO2 humidified atmosphere at
37 �C. RAW 264.7 cells were cultured in RPMI 1640 medium
containing 10% FBS. HaCaT cells were cultured in Dulbecco’s
Modified Eagle’s medium (DMEM) containing 10% FBS. All

Table 1. Sample table for each fermentation condition.

Name of sample Bacillus subtilis Filtrate solution

WE None H2O
WE(1-4) 1-4 strain H2O
WE(2-1) 2-1 strain H2O
AL None EtOH
AL(1-4) 1-4 strain EtOH
AL(2-1) 2-1 strain EtOH
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media were also supplemented with 100 U/mL of penicillin
and 100 lg/mL of streptomycin.

MTT assay

Cell viability was measured by an MTT assay to detect NADH-
dependent dehydrogenase activity. Thirty microliters of MTT
solution (2mg/mL) in 1� phosphate-buffered saline (PBS) was
directly added to the cells, which were then incubated for 3 h to
allow MTT to metabolize to formazan. Absorbance was meas-
ured with an automated spectrophotometric plate reader at a
wavelength of 570 nm. Cell viability was normalized as relative
percentages in comparison with untreated controls.

Nitrite assay

The RAW 264.7 macrophage cells were plated at a density of
2� 105 cells per well in a 24-well plate. The cells were pre-
treated with the indicated concentrations of various extracts
for 2 h, and then induced with a 1 lg/mL concentration of LPS
for an additional 22 h. Nitrite accumulation in the culture was
measured colorimetrically by the Griess reaction using a Griess
reagent (Sigma-Aldrich, St. Louis, MO, USA). For the assay,
equal volumes of cultured medium and Griess reagent were
mixed, and the absorption coefficient was calibrated using a
sodium nitrite solution standard (Sigma-Aldrich, St. Louis, MO,
USA). The absorbance of each sample after the Griess reaction
was determined by an ELISA plate reader at 540 nm.

Measurement of PGE2 release by the RAW 264.7
macrophage cells

The RAW 264.7 macrophage cells were plated at a density of
2� 105 cells per well in a 24-well plate. The cells were pre-
treated with the indicated concentrations of WE(2-1) and
AL(2-1) for 2 h, and then induced with 1 lg/mL of LPS for an
additional 22 h. The level of PGE2 production from endogen-
ous arachidonic acid metabolism was measured in cell culture
supernatants of the RAW 264.7 cells by enzyme-linked
immunosorbent assay (ELISA) kit (R&D Systems, Minneapolis,
MN, USA).

Measurement of pro-inflammatory cytokines (TNF-a and
IL-6) production

The inhibitory effect of WE(2-1) and AL(2-1) on the produc-
tion of proinflammatory cytokines (TNF-a and IL-6) from
LPS-treated RAW 264.7 cells was determined. The superna-
tants were subsequently employed for the proinflammatory
cytokine assays using a mouse enzyme-linked immunosorbent
assay (ELISA) kit (R&D Systems, Minneapolis, MN, USA).

Real-time PCR

Real-time quantitative PCR was performed using the Universal
SYBR Green Master Mix (Applied Bio systems, USA).
Amplification of the cDNA was performed as follow: 95 �C for
15min followed by 40 cycles at 95 �C for 30 s, at 59 �C for 30 s,
and at 72 �C for 30 s. The real-time PCR analysis was performed
on an Applied Bio-systems StepOne system (Applied Bio-
systems, USA). In this study, quantification based on the relative

expression of a target gene versus GAPDH gene (2�DDCt) was
utilized to determine the level of mRNA expression.

Reverse transcription polymerase chain reaction (RT-PCR)

Cells were washed and suspended in Trizol reagent. Total RNA
was extracted according to the manufacturer’s instructions
(Invitrogen, Life Technologies, Carlsbad, CA, USA). One micro-
gram of total RNA was converted to cDNA by superscript
reverse transcriptase and then amplified by a Taq polymerase
using reverse transcription polymerase chain reaction (RT-PCR)
(TAKARA, Tokyo, Japan). The relative expression of iNOS,
COX-2, filaggrin, and SPT were analyzed using PCR with glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH) as an internal
control. The following pairs of forward and reverse primer sets
were used: iNOS, 50-TCTTTGACGCTCG-GAACTGTAGCA-30

and 50-CGTGAAGCCATGACCTTTCGCATT-30. COX-2, 50-
TTGCTGTACAAGCAGT-GGCAAAGG-30 and 50-AGGACAAA
CACCGGAGGGAATCTT-30. Filaggrin, 50-CAAATCCTGAAGA
ATCCAGATGAC-30 and 50-TGCTTGAGCCAACTTGAATACC-
30, serine-palmitoyltransferase, 50-TTTCCGGTTTAAAAGTGG
TG-30 and 50-CTGATGCTTGGAGGAGGAAG-30. The cDNA
reaction was performed at 45 �C for 60min and 95 �C for 5min.
PCR products were run on 1% agarose gel and then stained
with Loading Star (Dynebio, Seongnam, Korea). Stained bands
were visualized under UV light and photographed.

Western blotting

After the cells were treated with the indicated concentrations of
WE(2-1) and AL(2-1), the cells were lysed and the total protein
concentrations were determined by Bradford reagent (Bio-Rad,
Hercules, CA, USA). Equal amounts of lysates resolved on
sodium dodecyl-polyacrylamide gel electrophoresis (SDS-PAGE)
were transferred to a nitrocellulose membrane, and the mem-
brane was blocked with 1� TBS containing 0.1% Tween 20 and
5% skim milk or 2% BSA for 1 h at room temperature. After the
blocking, the membranes were incubated overnight at 4 �C with
the respective primary antibodies. The membranes were washed
twice and incubated with diluted horseradish peroxidase (HRP)-
conjugated secondary antibodies (1:10000) for 1 h at room tem-
perature. After three washes, the membranes were detected using
an enhanced chemiluminescence (ECL) kit (Millipore, Bedford,
MA, USA).

Monitoring of cell growth with the RTCA DP instrument

Cell growth behavior was continuously monitored for 120 h using
the xCELLigence RTCA DP Instrument (Roche Diagnostics
GmbH, Germany). Background impedance was measured in
100lL cell culture medium per well. The final volume was
adjusted to 200lL cell culture medium, including 5� 103 cells/
well. After plating, impedance was recorded in 15min intervals.
All experiments were performed in triplicates. Cell Index (CI)
values were normalized to the time point of indicated concentra-
tion of WE(2-1) and AL(2-1) administration (referred to as nor-
malized CI).
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Hyaluronic acid measurement

The cellular hyaluronic acid levels were measured by Hyaluronan
Quantikine ELISA Kit (R&D Systems) according to the manufac-
turer’s protocol.

Analysis of flavonoids in WE(2-1) and AL(2-1)

The chemical profiles of the WE(2-1), AL(2-1) and the chemical
changes of constituents were monitored by the liquid chromatog-
raphy-mass spectrometry system consisted of a Thermo Scientific
Vanquish UHPLC system (Thermo Fisher Scientific, Sunnyvale,
CA, USA) with a Shim-pack GIS-ODS (3mm, 3.0� 100mm,
Shimadzu) and a Triple TOF 5600þ mass spectrometer system
(Triple TOF MS; QTOF, SCIEX, Foster City, CA, USA). The
QTOF MS, equipped with a DuosprayTM ion source, and was
used to complete the high-resolution experiment. The LC gradi-
ent used a mobile phase a containing 0.1% formic acid in water
and a mobile phase B of acetonitrile with 0.1% formic acid. The
flow rate was kept constant at 0.8mL/min and the injection vol-
ume was 2lL. The gradient elution system was as follows:
5–100% B for 12min. Authentic standards; narirutin, narigenin,
rutin, hesperidin, hesperetin, neoponcirin, tangeretin, and nobile-
tin were purchased from Chemface (Wuhan, China). HPLC-grade
acetonitrile (ACN) and methanol (MeOH) were purchased from
Honeywell Burdick & Jackson (Morristown, NJ, USA). Analytical-
grade formic acid (99% purity) was obtained from Sigma-Aldrich
(St. Louis, MO, USA). The chemical profiles of six extracts were
analyzed and compared using LC-QTOF. Eight major bioactive
components were identified with chromatographic information
(retention time, mass; Da, and fragmentation ions) of authentic
standards. Data acquisition and processing were carried out using
Analyst TF 1.7, PeakVeiw 2.2 and MasterView software (SCIEX,
Foster City, CA, USA).

LC: Liquid chromatography, QTOF: Quadurpole Time-of-
Flight mass spectrometry.

Statistical analysis

All numeric values are represented as the mean± SE. Statistical
significance of the data compared with the untreated control was
determined using the Mann–Whitney U-test. Significance was set
at p< 0.05.

Results

Cytotoxic effect of the six FCU in RAW 264.7 macrophages

We investigated for the first time the anti-inflammatory effects
of FCU in RAW 246.7 macrophages. Here, we examined the
cytotoxic effects of six FCU and cell viability was assessed using
the MTT assay. We found that WE, WE(1-4), AL, and AL(1-4)
had no effect on the cytotoxicity except for WE(2-1) and AL(2-
1) at a concentration of 10 or 100lg/mL (Figure 1(A)).

Inhibition of LPS-induced NO production by six fermented
extracts in RAW 264.7 macrophages

In order to investigate the anti-inflammatory effects of six fer-
mented extracts, we first investigated its effects on nitrite pro-
duction in LPS-stimulated RAW 264.7 macrophages. The effects
of six fermented extracts on LPS-induced NO production in
RAW 264.7 macrophages were investigated by measuring the

accumulated nitrite in the culture medium as estimated by the
Griess reaction. Cells were pre-treated with the indicated con-
centrations of six fermented extracts for 2 h and then induced
with LPS (1lg/mL) for 22 h. LPS-treated cells significantly
increased the concentration of NO. As shown in Figure 1(B), in
cells which were pre-treated with various concentrations of six
fermented extracts and also together with 1lg/mL of LPS for
22 h, significant concentration-dependent inhibition of nitrite
production was found in WE(2-1) and AL(2-1) treated cells.

Inhibition of LPS-induced PGE2 secretion by WE(2-1) and
AL(2-1) in RAW 264.7 cells

To examine the potential anti-inflammatory properties of
WE(2-1) and AL(2-1) on LPS-induced prostaglandin E2 (PGE2)
production in RAW 264.7 cells, cells were pre-treated with or
without WE(2-1) (1, 3, 5, 10 lg/mL) and AL(2-1) (10, 30, 50,
100 lg/mL) for 2 h and then stimulated with LPS (1 lg/mL)
for 24 h. PGE2 concentrations were measured in the culture
supernatants by the ELISA assays. We found that WE(2-1) and
AL(2-1) substantially suppressed LPS-induced PGE2 production
in a concentration-dependent manner (Figure 2(A)).

Inhibition of LPS-induced pro-inflammatory cytokines by
WE(2-1) and AL(2-1) in RAW 264.7 cells

Pro-inflammatory cytokines such as TNF-a, and IL-6 play
important roles in immune responses to a variety of inflamma-
tory stimuli. Therefore, the inhibitory effect of WE(2-1) and
AL(2-1) on TNF-a, and IL-6 in LPS-stimulated RAW 264.7 cells
were evaluated using ELISA kits. The treatment of RAW 264.7
cells with LPS alone resulted in significant increases in these
cytokine production, however, WE(2-1) and AL(2-1) pre-treated
cell repressed LPS-induced TNF-a, and IL-6 production in a
concentration-dependent manner (Figure 2(B and C)). When
RNA was isolated and quantitative real-time PCR was performed
to examine the effects of WE(2-1) and AL(2-1) on gene expres-
sion, treatment of RAW264.7 cells with LPS alone showed a sig-
nificantly increases in TNF-a and IL-6 mRNA expression. In the
co-incubation of WE(2-1) with LPS, TNF-a expression level was
found to decrease from 7.9- to 7.2-, 5.1-, 4.2-, 2.1-fold in a con-
centration-dependent manner as compared with the LPS alone
treatment group. In the co-incubation of AL(2-1) with LPS,
TNF-a expression level was found to decrease from 7.5- to 4.7-,
2.5-, 1.3-, 1.2-fold in a concentration-dependent manner (Figure
2(D)). In the co-incubation of WE(2-1) with LPS, IL-6 expres-
sion level was found to decrease from 7.2- to 6.1-, 5.8-, 4.4-,
2.8-fold in a concentration-dependent manner as compared with
the LPS alone treatment group. In the co-incubation of AL(2-1)
with LPS, IL-6 expression level was found to decrease from 7.5-
to 3.7-, 2.9-, 1.7-, 0.8-fold in a concentration-dependent manner
(Figure 2(E)).

Inhibition of LPS-induced iNOS and COX-2 protein and its
mRNA expression by WE(2-1) and AL(2-1)

The effects of WE(2-1) and AL(2-1) on iNOS and COX-2 pro-
tein expression in RAW 264.7 macrophages were examined
by Western blot analysis. As shown in Figure 3(A), the cells
expressed extremely low detectable levels of iNOS and COX-2
proteins under an unstimulated condition; however, iNOS and
COX-2 expressions were highly increased in response to LPS
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Figure 1. Inhibition of the WE(2-1) and AL(2-1) on LPS-induced nitric oxide (NO) in RAW 264.7 macrophages. (A) RAW 264.7 cells (1� 104 cells/well) were treated
with the indicated concentrations of various extracts for 24 h and cell viability was determined by MTT assay. Results of independent experiments were averaged and
are shown as percentage cell viability compared with the viability of untreated control cells. (B) The nitrite production was measured by the Griess reaction assay
method as described in the methods section. Cells were pre-treated with indicated concentrations of various extracts for 2 h and stimulated with LPS (1mg/mL) for
22 h. The values obtained were compared with those of standard concentrations of sodium nitrite dissolved in RPMI 1640 medium, and the concentrations of nitrite
in a conditioned media of sample treated cells were calculated. Data were obtained from three independent experiments and were expressed as means± SD.���p< 0.001 indicates significant differences from the unstimulated control group.
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Figure 2. Inhibition of LPS-induced several inflammatory biomarkers by WE(2-1) and AL(2-1) in RAW 264.7 macrophages. (A) Cells were pre-treated with different con-
centrations of WE(2-1) and AL(2-1) for 2 h and stimulated with LPS (1mg/mL final concentration) for 22 h. The amount of PGE2 release was determined by the mouse
PGE2 ELISA kit. Data were obtained from three independent experiments and were expressed as means± SD. ��p< 0.01 and ���p< 0.001 indicate significant differen-
ces from the LPS-treated group. (B) Cells were pre-treated with different concentrations of WE(2-1) and AL(2-1) for 2 h and stimulated with LPS (1mg/mL final concen-
tration) for 22 h. The amount of TNF-a release was determined by a TNF-a antibody-coated enzyme-linked immunosorbent assay (ELISA) kit following the
manufacturer’s instructions. Data were obtained from three independent experiments and were expressed as means± SD. ��p< 0.01 and ���p< 0.001 indicate signifi-
cant differences from the LPS-treated group. (C) Cells were pre-treated with different concentrations of WE(2-1) and AL(2-1) for 2 h and stimulated with LPS (1mg/mL
final concentration) for 22 h. The amount of IL-6 release was determined by an IL-6 antibody coated ELISA kit following the manufacturer’s instructions. Data were
obtained from three independent experiments and were expressed as means± SD. ��p< 0.01 and ���p< 0.001 indicate significant differences from the LPS-treated
group. (D and E) Cells were pre-treated with different concentrations of WE(2-1) and AL(2-1) for 2 h and stimulated with LPS (1mg/mL final concentration) for 22 h.
The total RNA was isolated, and examined via Real-time PCR for the TNF-a and IL-6 genes. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was employed as an
internal control to demonstrate equal RNA loading.
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(1lg/mL) after 22 h. Pretreatment of cells with WE(2-1) (1, 3, 5,
10 lg/mL) and AL(2-1) (10, 30, 50, 100lg/mL) for 2 h dramatic-
ally suppressed LPS-induced iNOS and COX-2 expression in a
concentration-dependent manner (Figure 3(A)). The individual

treatment of WE(2-1) (10lg/mL) and AL(2-1) (100lg/mL) alone
did not affect the basal iNOS and COX-2 expressions.

Also, we have attempted to determine whether the suppres-
sion in the expression of iNOS and COX-2 proteins paralleled

Figure 3. Inhibition of the WE(2-1) and AL(2-1) on LPS-induced iNOS, and COX-2 gene products in RAW 264.7 macrophages. (A) RAW 264.7 cells were pre-treated
with the indicated concentrations of WE(2-1) and AL(2-1) for 2 h before being incubated with LPS (1lg/mL) for 22 h. Total RNA was isolated, and iNOS and COX-2
mRNA expressions were examined by RT-PCR analysis. PCR of glyceraldehydes-3-phosphatedehydrogenase, GAPDH, was performed to control for a similar initial cDNA
content of the sample. The results shown are representative of the three independent experiments. (B) RAW 264.7 cells were pre-treated with different concentrations
of WE(2-1) and AL(2-1) for 2 h and stimulated with LPS (1mg/mL) for 22 h. Equal amounts of total proteins (10lg/lane) were subjected to 10% SDS-PAGE, and the
expressions of iNOS and COX-2 proteins were detected by Western blotting using specific anti-iNOS and anti-COX-2 antibodies. b-actin was used as a loading control.
The blots shown are representative of three independent experiments that had similar results. (C) HaCaT cells (1� 104 cells/well) were treated with the indicated con-
centrations of WE(2-1) and AL(2-1) for 24 h and cell viability was determined by MTT assay. Results of independent experiments were averaged and are shown as per-
centage cell viability compared with the viability of untreated control cells. (D) Cell proliferation assay was performed using the Roche xCELLigence Real-Time Cell
Analyzer (RTCA) DP instrument (Roche Diagnostics GmbH, Germany) as described in ‘Material and methods’. After HaCaT cells (5� 103 cells/well) were seeded onto
16-well E-plates and continuously monitored using impedance technology.
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their inhibition at mRNA levels. After a 2 h pre-treatment of
WE(2-1) and AL(2-1), RAW 264.7 macrophages were stimulated
with LPS for 22 h. Then, they were harvested and assayed for
iNOS and COX-2 mRNA expressions by RT-PCR. The results
demonstrate the upregulation of its mRNA levels upon stimula-
tion with LPS for 22 h. In unstimulated macrophages, there was
no detectable mRNA. Pre-incubation of cells with WE(2-1) and
AL(2-1) plus LPS caused a suppression of iNOS and COX-2
mRNA induction after 22 h of incubation. RT-PCR analysis
showed that WE(2-1) and AL(2-1) suppressed the LPS-induced
iNOS and COX-2 mRNA levels in a concentration-dependent
manner (Figure 3(B)).

Cytotoxic effect of the WE(2-1) and AL(2-1) in HaCaT
keratinocyte cells

We next examined the cytotoxic effects of WE(2-1) and AL(2-1)
and cell viability was assessed using the MTT assay. We found

that WE(2-1) and AL(2-1) had little effect on the cytotoxicity in
HaCaT cells (Figure 3(C)).

WE(2-1) and AL(2-1) had little effect on cell proliferation in
HaCaT cells

To specifically examine the cell proliferation activity of WE(2-1)
and AL(2-1) on HaCaT cells, the cells were treated with indicated
concentrations of WE(2-1) and AL(2-1), and then cell viability
was analyzed every 15min time intervals using the xCELLigence
RTCA DP Instrument (Roche Diagnostics GmbH, Germany). As
shown in Figure 3(D), WE(2-1) and AL(2-1) had little effect on
cell proliferation in HaCaT cells in a time-dependent manner.

WE(2-1) and AL(2-1) stimulate the production of hyaluronic
acid in HaCaT cells

We next set out to determine the effect of WE(2-1) and AL(2-
1) on hyaluronic acid production in HaCaT cells. Hyaluronic

Figure 4. WE(2-1) and AL(2-1) stimulates filaggrin and serine palmitoyltransferase (SPT). (A) HaCaT cells (1� 106 cells/well) were exposed to indicated concentrations
of WE(2-1) and AL(2-1) for 24 h, and then supernatant collected for investigation using a Hyaluronic acid assay kit following the manufacturer’s instructions. (B) HaCaT
cells (1� 106 cells/well) were treated with the indicated concentrations of WE(2-1) and AL(2-1) for 24 h. Total RNA was isolated, and filaggrin and SPT mRNA expres-
sions were examined by RT-PCR analysis. PCR of glyceraldehydes-3-phosphatedehydrogenase, GAPDH, was performed to control for a similar initial cDNA content of
the sample. The results shown are representative of the three independent experiments. (C) HaCaT cells (1� 106 cells/well) were treated with indicated concentrations
of WE(2-1) and AL(2-1) for 24 h and then analyzed by Western blot analysis using antibodies against filaggrin, and SPT. b-actin was used as a loading control. The
blots shown are representative of three independent experiments that had similar results.
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acid is known to act as a sponge in the skin to attract and hold
water (Draelos 2012). After treatment for 24 h, WE(2-1) and
AL(2-1)-induced an increased production of hyaluronic acid,
which is an indicative of moisturizing effect (Figure 4(A)).

WE(2-1) and AL(2-1) induces the expression of filaggrin and
SPT in HaCaT cells

Filaggrin and SPT acting as a key factor for skin hydration, we
examined whether WE(2-1) and AL(2-1) regulates the expression

Figure 5. Chemical profiles of the authentic standards, WE(2-1), and AL(2-1). (A) LC-QTOF extracted ion chromatography (XIC) of 8 authentic standards; 1 narirutin, 2
narigenin, 3 rutin, 4 hesperidin, 5 hesperetin, 6 neoponcirin, 7 tangeretin, 8 nobiletin and (B) representative base peak ion chromatograms (BPC) of WE(2-1) and (C)
AL(2-1).
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of these proteins. As shown in Figure 4(B), WE(2-1) and AL(2-1)
led to increased expression of filaggrin and SPT in HaCaT cells at
the protein level. WE(2-1) and AL(2-1) also enhanced mRNA
level of filaggrin and SPT in a concentration-dependent manner
in HaCaT cells (Figure 4(C)).

Identification of flavonoids in WE(2-1) and AL(2-1)

Among flavonoids, dominant flavanone glycosides in all six sam-
ples are three flavanone glycosides (hesperidin, narirutin, and
neoponcirin) identified by comparing retention times of analytes
in authentic standards and samples (Figure 5(A)), as well
as according to the characteristic exact mass and tandem mass
(ms/ms) spectra. Hesperidin and narirutin are well known as
analytical markers of Citrus unshiu peel. Rutin flavonol glycoside
was identified in all samples. Polymethoxyflavones (nobiletin and
tangeretin) and flavanones (hesperetin and narigenin) were
authentically identified. As shown in Figure 5(B) and (C), the
peak between nobiletin and tangeretin at 11.70min is putatively
identified as heptamethoxyflavone. The list of major compounds
detected by LC-QTOF is shown in Table 2.

Discussion

The aim of this study was to investigate the effects of FCU on
the suppression of LPS-induced iNOS, COX-2 expression, TNF-
a, IL-6, and PGE2 production that regulate inflammation in
RAW 264.7 murine macrophages. Moreover, fermented Citrus
unshiu peel extracts can cause stimulate the production of hya-
luronic acid and expression of filaggrin and SPT in HaCaT kera-
tinocyte cells, which is an indicative of moisturizing effect.

Inflammation is the body’s first response of the immune sys-
tem to infection or irritation. During the inflammatory process,
measurable quantities of the inflammatory mediators NO and
PGE2 are regulated by the inducible isoforms of iNOS and COX-
2 (Posadas et al. 2000). Overproduction of NO by iNOS occurred
in various cell types after stimulation with cytokine and endo-
toxin, and are also involved in different inflammatory diseases
and tumorigenesis (Nathan and Xie 1994; Ohshima and Bartsch
1994). High levels of PGE2 synthesized by COX-2 also occurred
in various cancer tissues and implicated in angiogenesis, prolifer-
ation, and tumour growth (Claria 2003; Meric et al. 2006). Thus,
there is a causal relationship between inflammation and cancer,
iNOS and COX-2 are considered potential candidates for anti-
inflammatory drugs (Pan et al. 2009). We demonstrated that
FCU inhibited LPS-induced NO production via the suppression
of iNOS expression. In addition, in an LPS-stimulated macro-
phage cells, FCU also suppressed PGE2 production through the
suppression of COX-2 expression. Several studies have demon-
strated that the expression of iNOS is induced by pro-inflamma-
tory cytokines, such as IL-1b and TNF-a and TNF-a-induced
IL-6 secretion is a prerequisite for increased NO production

(Marcus et al. 2003; Schrader et al. 2007). They are also consid-
ered to be important initiators of the inflammatory response and
mediators of the development of a variety of inflammatory dis-
eases (Glauser 1996; Mannel and Echtenacher 2000). We found
that FCU results in a concentration-dependent decrease in the
LPS-induced secretion of TNF-a, and IL-6. This indicates that
the inhibitory effect of FCU on NO production stimulated by
LPS is associated with the inhibition of iNOS and COX-2
through the reduction of pro-inflammatory cytokine production.

The skin barrier function is essential and important to main-
tain the homoeostasis of the skin because of its role in suppressing
the penetration of chemicals and the invasion of microorganisms
from the outside environment and also to its role in reducing
water evaporation from inside the body. Filaggrin is a key struc-
tural protein that promotes the formation of the stratum corneum
(SC), the outermost layer of the skin, and the terminal differenti-
ation of the epidermis (Armengot-Carbo et al. 2015). The stratum
corneum is essential to minimize water loss through the epidermis
and prevent entry of pathogens, allergens and toxic chemicals
(O’Regan et al. 2009; Osawa et al. 2011). Filaggrin is initially syn-
thesized as a giant inactive precursor protein, profilaggrin,
a> 400-kDa in human, which is a complex, highly phosphory-
lated, and insoluble polypeptide (Sandilands et al. 2009; Brown
and McLean 2012). Filaggrin is degraded into amino acids, includ-
ing histidine and glutamine, which are subsequently modified into
trans-urocanic acid and pyrrolidone carboxylic acid, respectively.
These amino acids and derivatives contribute to the formation of
natural moisturizing factors. They bind water in the stratum cor-
neum and limit moisture loss in the skin, as well as acidify the
skin mantle and protect the epidermis (McAleer and Irvine 2013).
The first step in de novo biosynthesis of ceramides is catalyzed by
the serine palmitoyl transferase (SPT), which is a condensation
reaction of L-serine with palmitoyl-CoA. SPT has been suggested
as a key enzyme controlling the level of sphingolipid involved in
ceramide generation (Hanada 2003). We found that FCU results
in a concentration-dependent increases mRNA level of filaggrin
and SPT. This can cause stimulate the production of hyaluronic
acid and expression of filaggrin and SPT proteins in HaCaT kera-
tinocyte cells. Hyaluronan, an extracellular matrix component, is
important for the water content of the skin. So, FCU increases the
components which manage the barrier function and water content
of the skin.

Conclusions

Overall, our data clearly indicates that FCU exhibits an anti-
inflammatory activity that is dependent on its ability to regulate
the production of NO, PGE2, and pro-inflammatory cytokines in
LPS-induced RAW 264.7 cells. Also, we found the FCU increases
filaggrin and SPT on HaCaT cells that play a key role in skin
hydration and integrity and are involved in skin appearance,
metabolism, mechanical properties, and barrier function.

Table 2. List of major compounds detected by LC-QTOF.

Compound Formula Retention Time (min) [MþH]þ Mass (Da) [MþH]þ Found At Mass (Da)

Narirutin C27H32O14 5.06 581.1865 581.1851
Narigenin C15H12O5 9.99 273.0758 273.0751
Rutin C27H30O16 4.41 611.1607 611.1590
Hesperidin C28H34O15 5.57 611.1971 611.1955
Hesperetin C16H14O6 10.29 303.0863 303.0856
Neoponcirin C28H34O14 7.97 595.2021 595.2020
Tangeretin C20H20O7 11.86 373.1282 373.1280
Nobiletin C21H22O8 11.42 403.1387 403.1383

PHARMACEUTICAL BIOLOGY 401



Disclosure statement

The authors have no conflicts of interest to disclose.

Funding

This research was financially supported by the Ministry of SMEs
and Startups (MSS), Korea, under the ‘Regional Specialized Industry
Development Program (R&D or non-R&D, Project number
R0006419)’ supervised by the Korea Institute for Advancement of
Technology (KIAT). This work was also supported by a National
Research Foundation of Korea (NRF) grant funded by the Korean
government (MSIP) (NRF-2017M3A9E4065333).

References

Aderem A, Ulevitch RJ. 2000. Toll-like receptors in the induction of the
innate immune response. Nature. 406:782–787.

Armengot-Carbo M, Hernandez-Martin A, Torrelo A. 2015. The role of filag-
grin in the skin barrier and disease development. Actas Dermo-
Sifiliograficas. 106:86–95.

Brown SJ, McLean WH. 2012. One remarkable molecule: filaggrin. J Investig
Dermatol. 132:751–762.

Claria J. 2003. Cyclooxygenase-2 biology. Curr Pharm Design. 9:2177–2190.
Denlinger LC, Fisette PL, Garis KA, Kwon G, Vazquez-Torres A, Simon AD,

Nguyen B, Proctor RA, Bertics PJ, Corbett JA. 1996. Regulation of indu-
cible nitric oxide synthase expression by macrophage purinoreceptors and
calcium. J Biol Chem. 271:337–342.

Draelos ZD. 2012. New treatments for restoring impaired epidermal barrier
permeability: skin barrier repair creams. Clin Dermatol. 30:345–348.

Eom SY, Chung CB, Kim YS, Kim JH, Kim KS, Kim YH, Park SH, Hwang
YI, Kim KH. 2006. Cosmeceutical properties of polysaccharides from the
root bark of Ulmus davidiana var. japonica. J Cosmetic Sci. 57:355–367.

Glauser MP. 1996. The inflammatory cytokines. New developments in the
pathophysiology and treatment of septic shock. Drugs. 52(Suppl 2):9–17.

Hamanaka S, Hara M, Nishio H, Otsuka F, Suzuki A, Uchida Y. 2002.
Human epidermal glucosylceramides are major precursors of Stratum cor-
neum ceramides. J Investig Dermatol. 119:416–423.

Hanada K. 2003. Serine palmitoyltransferase, a key enzyme of sphingolipid
metabolism. Biochim Biophys Acta. 1632:16–30.

Jenkins RW, Canals D, Hannun YA. 2009. Roles and regulation of secretory
and lysosomal acid sphingomyelinase. Cell Signal. 2:836–846.

Kezic S, Kammeyer A, Calkoen F, Fluhr JW, Bos JD. 2009. Natural moistu-
rizing factor components in the Stratum corneum as biomarkers of filag-
grin genotype: evaluation of minimally invasive methods. Br J Dermatol.
161:1098–1104.

Kim KH, Chung CB, Kim YH, Kim KS, Han CS, Kim CH. 2005.
Cosmeceutical properties of levan produced by Zymomonas mobilis.
J Cosmetic Sci. 56:395–406.

Larsen GL, Henson PM. 1983. Mediators of inflammation. Ann Rev
Immunol. 1:335–359.

Lawrence T, Willoughby DA, Gilroy DW. 2002. Anti-inflammatory lipid
mediators and insights into the resolution of inflammation. Nat Rev.
2:787–795.

Levy M, Futerman AH. 2010. Mammalian ceramide synthases. IUBMB Life.
62:347–356.

Mannel DN, Echtenacher B. 2000. TNF in the inflammatory response. Chem
Immunol. 74:141–161.

Marcus JS, Karackattu SL, Fleegal MA, Sumners C. 2003. Cytokine-stimulated
inducible nitric oxide synthase expression in astroglia: role of Erk mito-
gen-activated protein kinase and NF-kappaB. Glia. 41:152–160.

Masukawa Y, Narita H, Shimizu E, Kondo N, Sugai Y, Oba T, Homma R,
Ishikawa J, Takagi Y, Kitahara T, et al. 2008. Characterization of overall
ceramide species in human stratum corneum. J Lipid Res. 49:1466–1476.

McAleer MA, Irvine AD. 2013. The multifunctional role of filaggrin in aller-
gic skin disease. J Allergy Clin Immunol. 131:280–291.

Meric JB, Rottey S, Olaussen K, Soria JC, Khayat D, Rixe O, Spano JP. 2006.
Cyclooxygenase-2 as a target for anticancer drug development. Crit Rev
Oncol Hematol. 59:51–64.

Min KY, Kim HJ, Lee KA, Kim KT, Paik HD. 2014. Antimicrobial activity
of acid-hydrolyzed Citrus unshiu peel extract in milk. J Dairy Sci. 97:
1955–1960.

Nathan C, Xie QW. 1994. Nitric oxide synthases: roles, tolls, and controls.
Cell. 78:915–918.

O’Regan GM, Sandilands A, McLean WH, Irvine AD. 2009. Filaggrin in
atopic dermatitis. J Allergy Clin Immunol. 124:R2–R6.

O’Regan GM, Sandilands A, McLean WHI, Irvine AD. 2008. Filaggrin in
atopic dermatitis. J Allergy Clin Immunol. 122:689–693.

Oh YC, Cho WK, Jeong YH, Im GY, Yang MC, Hwang YH, Ma JY. 2012.
Anti-inflammatory effect of Citrus unshiu peel in LPS-stimulated RAW
264.7 macrophage cells. Am J Chinese Med. 40:611–629.

Ohshima H, Bartsch H. 1994. Chronic infections and inflammatory processes
as cancer risk factors: possible role of nitric oxide in carcinogenesis.
Mutation Res. 305:253–264.

Osawa R, Akiyama M, Shimizu H. 2011. Filaggrin gene defects and the risk
of developing allergic disorders. Allergol Int. 60:1–9.

Pan MH, Chang YH, Tsai ML, Lai CS, Ho SY, Badmaev V, Ho CT. 2008.
Pterostilbene suppressed lipopolysaccharide-induced up-expression of iNOS
and COX-2 in murine macrophages. J Agr Food Chem. 56:7502–7509.

Pan MH, Ho CT. 2008. Chemopreventive effects of natural dietary com-
pounds on cancer development. Chem Soc Rev. 37:2558–2574.

Pan MH, Lai CS, Dushenkov S, Ho CT. 2009. Modulation of inflammatory
genes by natural dietary bioactive compounds. J Agr Food Chem.
57:4467–4477.

Park HJ, Jung UJ, Cho SJ, Jung HK, Shim S, Choi MS. 2013. Citrus unshiu
peel extract ameliorates hyperglycemia and hepatic steatosis by altering
inflammation and hepatic glucose- and lipid-regulating enzymes in db/db
mice. J Nutr Biochem. 24:419–427.

Park HR, Park SB, Hong HD, Suh HJ, Shin KS. 2017. Structural elucidation
of anti-metastatic rhamnogalacturonan II from the pectinase digest of cit-
rus peels (Citrus unshiu). Int J Biol Macromol. 94:161–169.

Posadas I, Terencio MC, Guillen I, Ferrandiz ML, Coloma J, Paya M, Alcaraz
MJ. 2000. Co-regulation between cyclo-oxygenase-2 and inducible nitric
oxide synthase expression in the time-course of murine inflammation.
Naunyn-Schmiedeberg’s Arch Pharmacol. 361:98–106.

Rockey DC, Chung JJ, McKee CM, Noble PW. 1998. Stimulation of inducible
nitric oxide synthase in rat liver by hyaluronan fragments. Hepatology
(Baltimore, Md.). 27:86–92.

Saluk-Juszczak J, Wachowicz B. 2005. [The proinflammatory activity of
lipopolysaccharide]. Postepy Biochem. 51:280–287.

Sandilands A, Sutherland C, Irvine AD, McLean WH. 2009. Filaggrin in
the frontline: role in skin barrier function and disease. J Cell Sci.
122:1285–1294.

Schrader LI, Kinzenbaw DA, Johnson AW, Faraci FM, Didion SP. 2007. IL-6
deficiency protects against angiotensin II induced endothelial dysfunction
and hypertrophy. Arterioscler Thromb Vasc Biol. 27:2576–2581.

Shen X, Guo M, Yu H, Liu D, Lu Z, Lu Y. 2018. Propionibacterium acnes
related anti-inflammation and skin hydration activities of madecassoside,
a pentacyclic triterpene saponin from Centella asiatica. Biosci Biotechnol
Biochem. 83, 561–568.

Sica A, Allavena P, Mantovani A. 2008. Cancer related inflammation: the
macrophage connection. Cancer Lett. 267:204–215.

Spilioti E, Vargiami M, Letsiou S, Gardikis K, Sygouni V, Koutsoukos P,
Chinou I, Kassi E, Moutsatsou P. 2017. Biological properties of
mud extracts derived from various spa resorts. Environ Geochem
Healthgeochem. 39:821–833.

Steinert PM, Cantieri JS, Teller DC, Lonsdale-Eccles JD, Dale BA. 1981.
Characterization of a class of cationic proteins that specifically interact
with intermediate filaments. Proc Natl Acad Sci USA. 78:4097–4101.

Suzuki M, Sasaki K, Yoshizaki F, Oguchi K, Fujisawa M, Cyong JC. 2005.
Anti-hepatitis C virus effect of Citrus unshiu peel and its active ingredient
nobiletin. Am J Chinese Med. 33:87–94.

Tafesse FG, Ternes P, Holthuis JC. 2006. The multigenic sphingomyelin syn-
thase family. J Biol Chem. 281:29421–29425.

Takagi Y, Kriehuber E, Imokawa G, Elias PM, Holleran WM. 1999. Beta-
glucocerebrosidase activity in mammalian stratum corneum. J Lipid
Res. 40:861–869.

Takeda K, Akira S. 2005. Toll-like receptors in innate immunity. Int
Immunol. 17:1–14.

Takeda S, Shimoda H, Takarada T, Imokawa G. 2018. Strawberry seed extract
and its major component, tiliroside, promote ceramide synthesis in the stra-
tum corneum of human epidermal equivalents. PLoS One. 13:e0205061.

Weisz A, Cicatiello L, Esumi H. 1996. Regulation of the mouse inducible-type
nitric oxide synthase gene promoter by interferon-gamma, bacterial lipopoly-
saccharide and NG-monomethyl-L-arginine. Biochem J. 316:209–215.

402 C. KIM ET AL.


	Abstract
	Introduction
	Materials and methods
	Reagents
	Isolation of Bacillus subtilis from Korean fermented soybean (cheonggukjang)
	Preparation of FCU using Bacillus subtilis
	Cell lines
	MTT assay
	Nitrite assay
	Measurement of PGE2 release by the RAW 264.7 macrophage cells
	Measurement of pro-inflammatory cytokines (TNF-α and IL-6) production

	Real-time PCR
	Reverse transcription polymerase chain reaction (RT-PCR)
	Western blotting
	Monitoring of cell growth with the RTCA DP instrument
	Hyaluronic acid measurement
	Analysis of flavonoids in WE(2-1) and AL(2-1)
	Statistical analysis

	Results
	Cytotoxic effect of the six FCU in RAW 264.7 macrophages
	Inhibition of LPS-induced NO production by six fermented extracts in RAW 264.7 macrophages
	Inhibition of LPS-induced PGE2 secretion by WE(2-1) and AL(2-1) in RAW 264.7 cells
	Inhibition of LPS-induced pro-inflammatory cytokines by WE(2-1) and AL(2-1) in RAW 264.7 cells
	Inhibition of LPS-induced iNOS and COX-2 protein and its mRNA expression by WE(2-1) and AL(2-1)
	Cytotoxic effect of the WE(2-1) and AL(2-1) in HaCaT keratinocyte cells
	WE(2-1) and AL(2-1) had little effect on cell proliferation in HaCaT cells
	WE(2-1) and AL(2-1) stimulate the production of hyaluronic acid in HaCaT cells
	WE(2-1) and AL(2-1) induces the expression of filaggrin and SPT in HaCaT cells
	Identification of flavonoids in WE(2-1) and AL(2-1)

	Discussion
	Conclusions
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects true
	/DownsampleMonoImages true
	/PassThroughJPEGImages false
	/ColorSettingsFile (None)
	/AutoRotatePages /All
	/Optimize true
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Bicubic
	/EmitDSCWarnings false
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/DetectCurves 0.1
	/PDFXTrapped /False
	/ColorImageFilter /DCTEncode
	/TransferFunctionInfo /Preserve
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage true
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


